❚ INTRODUCTION
Intervertebral discs are composed of abundant cell matrix and low cell density. Two distinct regions in intervertebral discs can be characterize, i.e., annulus fibrosus (AF) with high amounts of collagen and nucleus pulposus rich in proteoglycans. (1) The principal proteoglycans found in intervertebral discs are aggrecan noncovalently attached to hyaluronic acid (HA). These proteoglycans' function allows compressive loads to intervertebral discs. (2) Intervertebral disc degeneration (IVD) is associated with the loss of extracellular matrix (ECM) molecules, leading to alterations in the biochemical and biomechanical properties of the tissue. (3) (4) (5) Enzymatic activity is believed to contribute to the degenerative process of IVD with increased collagen, proteoglycans and fibronectin fragmentation. (6) Previous biochemical studies have shown the catabolism of these ECM molecules stimulated by several proteinases, such as metalloproteinases and collagenases. (7, 8) Cathepsins are cysteine proteases, a family of matrix degrading enzymes. Although published literature on cathepsins associated with IVD is scarce, these proteases seem to play an important role in the catabolic process of disc degeneration. Studies have demonstrated that cathepsin B (CatB) concentration in the cartilage of osteoarthritis patients is significantly higher than the levels found in normal tissues. (9, 10) Chu et al., suggested that CatB is released by synovial and inflammatory cells, and this releasing contributes to inflammation progression and cartilage destruction. (11) Inflammatory cytokines are key players in the pathogenesis of IVD because they promote ECM disruption. Interleukin 6 (IL-6) can up-regulate matrix metalloproteinases and disintegrin and metalloproteinase with thrombospondin motifs (ADAMT) expression. (12) Increased circulating levels of IL-6 have been reported in rheumatoid arthritis and osteoarthritis patients, which turn this cytokine a possible biomarker for disc degeneration. (13) (14) (15) ❚ OBJECTIVE To evaluate intervertebral disc levels of possible inflammatory factors (interleukin 6 and cathepsin B) in patients with a degenerative disease, and compared them with healthy subjects (control). In addition, this study aim to investigate whether serum levels of interleukin 6, serum cathepsin B activity, or hyaluronic acid biomarkers reflect on intervertebral disc degeneration tissue status among patients with the intervertebral degenerative disease, control patients and patients with fractures.
❚ METHODS Study population
This study was approved by the Ethics Committee on Research involving Human of the Faculdade de Medicina do ABC (approval number 262/2008). Patients who signed the Informed Consent statement were included. All spinal cord injuries were in the lumbar region. Disc degeneration were found in L4/ L5 and L5/S1, and fractures were observed in L1/ L2, L2/L3 and L3/L4, all in the lumbar region. We obtained serum samples and intervertebral disc specimens from 83 patients who underwent primary lumbar discectomy with acute low back pain associated with radicular pain for less than 2 weeks. Patients' blood samples were collected during the follow-up of those who underwent surgery. We also obtained serum samples from 33 healthy subjects, without any spinal injury or inflammatory conditions, and who were used as controls. In addition, we also obtained intervertebral disc specimens from six patients who underwent surgery because of accidental fracture of the spine, and required disc removal. These patients had no spinal injury or previous inflammatory conditions and serum samples were taken from them. This group of patients was required to provide nondegenerated disc tissue for the immunohistochemistry analysis. The individuals enrolled in the study did not present any co-morbidity (hypertension, diabetes mellitus, chronic kidney disease or cancer), since such co-morbidities might increase the incidence of disc degeneration.
Study design
It was a prospective study, and the subjects were selected from January 2015 to December 2017 at Hospital Mário Covas, in Santo André (SP), Brazil, and from the Orthopedic Surgery Department of the Faculdade de Medicina do ABC.
Study limitations
The increase of the number of samples may enhance the statistical differences. The controlling of immunohistochemical reactions could not be performed with intervertebral disc tissues of healthy individuals einstein (São Paulo). 2019;17(4):1-7 because this study is not recommended from the ethical point of view. Therefore, as control tissue sample, we used tissues from patients who were affected by spinal fracture. However, a limitation is that these patients can present an acute inflammation process, and their chronic inflammation process does not present the common characteristics of those patients who suffer from IVD disease.
Radiographic and clinical evaluation
All individuals were classified according to Pfirrmann's grading system for disc degeneration. A magnetic resonance imaging analysis was performed in all patients with a degenerative disc as well all spinal fracture patients (control). Only individuals classified as Pfirrmann grade III or IV, with one or two levels of degeneration, and nerve root compression at least in one level were included in the disc degeneration group, while Control Group was composed by individuals classified as Pfirrmann's grade I. Radiographies of the knee, shoulder, and hip of all individuals were also performed to assess the presence of degenerative changes in these joints. Exclusion criteria were defined as the presence of one or more of the following characteristics, systemic or inflammatory diseases, previous orthopedic surgery, ligament or muscular lesion, hypertension, hypercholesterolemia, diabetes, obesity (body mass index − BMI >30) or use of analgesic drugs during the preceding week.
Serum hyaluronic acid levels
Sera from patients and controls were assayed for HA by a non-competitive and non-isotopic fluoroassay. This method is based on the affinity of specific proteins extracted from bovine cartilage (globular HA-binding region of the aggrecan and link protein) for HA, that detects HA between 0.2 and 500µg/L. This method has highly specificity and sensitivity (<0.2µg/L), and gives intra-and interassay coefficients of variation of 2 and 5%, and 3 and 14% in sera from normal subjects. (16) 
Serum interleukin 6 concentration
Serum levels of IL-6 were determined by the ELISA test using the kit Human IL-6 ELISA Ready-SetGo! ® (eBioscience™ Inc, CA, USA) following the manufacturer's instructions.
Cathepsin B activity
CatB activity was measured spectrofluorimetrically using the fluorogenic substrate Z-FR-MCA (Sigma, MO, USA) at 37°C. The fluorescence intensity was monitored in a microplate reader, with excitation and emission wavelengths set at 365 and 420nm. The assay was performed by preincubating the serum samples with the enzyme activator dithiothreitol (DTT) 2mM for 20 minutes and, then, by adding the irreversible inhibitor E-64, azocasein (Sigma, MO, USA), as previously described in study conducted by Almeida et al. (9) 
Immunohistochemical staining
Representative lumbar intervertebral degenerative disc regions were chosen based on the results of a hematoxylineosin staining study of the corresponding tissue sections. Three-micrometer-thick sections of formalin-fixed paraffin-embedded tissues were deparaffinized and rehydrated. The primary antibodies for IL-6 (Santa Cruz Biotechnology, CA, USA) and CatB (Calbiochem, USA) were diluted 1:350 and incubated overnight. 
Digital quantification
The slides were analyzed using a TS100 Nikon Eclipse ® light microscope to identify areas that best represented the immunostaining of IL-6 and CatB (hot spots). In each case, quantification of the degree of immunostaining was performed using a digital computer-assisted image analysis method. Photomicrographs (640×480 pixels) were obtained from non-coincident consecutive fields for each case at a magnification of 400x using a 4300 Nikon Coolpix ® digital camera adjusted to the same parameters. The obtained images were analyzed using the image processing and analysis system ImageLab ® (Softium Informática ® , São Paulo, Brazil) adjusted to the micrometer scale. The images were performed at the same magnification fold (400x). The technique described by Matos et al., (17) was used to obtain the index of positive percentage of labeled cells (IP), the index of immunostaining intensity expression (ItE) and the index of expression (IE). 
Statistical analysis
The measures of the central tendency and value dispersion of the samples and the statistical tests for comparison between them were based on the data distribution type. The distributions were determined to be parametric by Kolmogorov-Smirnov testing. Each continuous variable value of the study was expressed by means and standard deviations. Absolute and relative frequencies were used for categorization. The analisys of variance (ANOVA) and Student's t test were used to compare the averages of the sample populations. The χ² test was conducted to compared percentages. The significance level adopted was based on the chance of the occurrence of a type I error lower than 5% (p<0.05). For all analyses we used the Statistical Package for Social Science (SPSS), version 19.0 (SPSS Inc.; Illinois, USA). Table 1 shows the comparison of general characteristics (age, gender, smoking habits or manual labor) of patients with IVD degeneration, spine fracture and non-affected individuals (Control Group). No significant difference was seen among studied groups. Results expressed as n, mean±standard deviation or n (%).
❚ RESULTS

Immunohistochemistry analysis of intervertebral disc tissue
The protein expression of IL-6 in degenerative disc tissues and in discs of patients who had suffered accidental spine fracture was obtained by digital quantification of immunohistochemistry reactions.
Immunoreactivity for IL-6 was more intense in the AF and nucleus pulposus (NP) of degenerative discs than in the spine fracture ( Figure 1A ). Annulus fibrosus from degenerative discs presented more intense immunoreactivity for IL-6 in the ECM compared with the labeling in fibroblasts. Strong immunoreactivity for IL-6 was also present in the chondrocytes of NP from degenerative discs, whilst no labeling can be observed in the ECM ( Figure 1A ). The IE of IL-6 was significantly higher in the degenerative discs compared with the fracture IVD ( Figure 1B ). The expression of CatB was also investigated in the degenerative intervertebral discs and spine fracture using immunohistochemistry. The test demonstrated a low-intensity CatB labeling in the AF and NP of fracture discs (Figure 2A ), whereas IVD with degeneration presented intense immunoreactivity (Figure 2A ). Intense CatB labeling both in chondrocytes and ECM was observed in the NP from degenerative discs (Figure 2A) . Therefore, protein intensity of CatB was significantly higher in the degenerative IVD compared to the fracture discs ( Figure 2B ). Circulating levels of interleukin-6, cathepsin B and hyaluronic acid
Circulating levels of IL-6 in disc degeneration and fracture patients were statistically higher compared to the Control Group (p<0.001), as demonstrated in figure 3A . There was no significant difference comparing IL-6 levels between IVD and fracture patients ( Figure 3A) . Measurement of CatB activity in sera of patients with IVD, intervertebral disc fracture and non-affected individuals (control), demonstrated that there was no significant difference among groups ( Figure 3B ). However, serum levels of HA were statistically higher in patients with IVD (p<0.001) compared with Control Group (Figure 4) , whilst, no significant difference was observed in the circulating HA levels between fracture patients and Control Group (Figure 4 ). ❚ DISCUSSION CatB is a protease which is believed to have an important role in the degradation of cartilage ECM proteins, such as aggrecan and collagen. (10, 12, 18) Enhanced expression of CatB has been reported in chondrocytes of osteoarthritis patients. (19) In addition, intervertebral degenerated cells has been believed to be responsible of secretion pro-inflammatory cytokines, including IL-6. (20) The persistent proinflammatory activity of IL-6 favors mononuclear cell accumulation at the site of injury, angio-proliferation and antiapoptotic functions of T cells. (21) (22) (23) Data suggest that both IL-6 and CatB are close related to physiopathology of IVD. In our study, CatB protein expression was significantly increased in degenerative disc tissues compared with fracture discs. Intense immunoreactivity for CatB was found in the ECM of degenerative disc specimens, suggesting that the acidic microenvironment is likely to cause inflammatory process favored by CatB secretion. Also, IL-6 protein levels were higher compared with control intervertebral discs.
No significant difference was found concerning CatB activity and IL-6 among groups when sera were analyzed. Circulating IL-6 and CatB concentrations in patients with spine fracture were also significantly higher compared with the Control Group, showing that increase of IL-6 and CatB in serum is not specific to IVD. The increased serum concentration of IL-6 and CatB in fracture patients may be due to the acute inflammation caused by the fracture, especially if we consider that peripheral blood was collected just after trauma.
Quantitative analyses of serum HA are useful in the diagnosis of several inflammatory diseases. (16, 24, 25) Extracellular matrix degradation and turnover result in the release of HA and HA fragments into the systemic circulation. (26) Different from patients who underwent anti-inflammatory treatment, low levels of HA were found in the circulation. (23, 26) We may suggest that increased levels of HA might indicate a degeneration process. However, other studies are necessary to confirm this conclusion, considering that our study represent preliminary results.
Degradation of ECM components on the IVD process is modulated by several proteolytic enzymes of which matrix metalloproteinases (MMPs) and aggrecanases play a critical role in the activation of IL-6, IL-8, cyclo-oxygenase-2 (COX2), MMP1/13 and Toll Like Receptors (TLR2). (27, 28) Several strategies aiming the regeneration of the intervertebral disc have been used lately. These strategies, with promising results, involve cellular therapies, as well as biomaterials such as the HA scaffold. (28, 29) Our results may contribute to further studies and may promote the use of these target molecules for the IVD process.
❚ CONCLUSION Serum hyaluronic acid levels are significantly higher in patients with intervertebral disc degeneration than in non-affected patients, and those who had spine fracture. Data confirm that interleukin 6 and cathepsin B are possible related to the physiopathology of intervertebral disc degeneration, however they do not represent a biomarker in serum.
